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(54) Audio circuit for a computer 

(57) An audio circuit for a computer includes a bidi- 
rectional modem connection, a microphone input, first 
and second audio output channels, and an audio syn- 
thesizing circuit arranged to produce first and second 
synthesized audio channels. In a first mode of operation 
the first synthesized audio channel is applied to the first 



audio output channel and the second synthesized audio 
channel is applied to the second audio output channel. 
In a second mode of operation the first and second syn- 
thesized audio channels are combined into a monotonic 
signal and applied to the second audio output channel, 
and audio signals from the bidirectional modem connec- 
tion are applied to the first audio output channel. 
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Description 

The invention relates to audio circuits for comput- 
ers. 

The denaands fronn computer users for multimedia 
capability are increasing rapidly. Today's computers 
must integrate numerous functionalities including, e.g., 
CD-ROf^, computerized movies, high-fidelity sound, 
gaming functions, and speakerphone capability. The 
computer's audio circuit must be able to interface with 
each of these sources, perform the necessary conver- 
sions between formats and sample rates, and direct the 
audio to the desired output. Integrating these various 
functionalities creates complexity and increases the ex- 
pense of the audio circuit. In addition, integrating com- 
munications such as speakerphone capability with com- 
puter audio (such as .WAV files developed by Microsoft) 
requires multiple coder/decoders (codecs) and various 
discrete components. This results in added costs, and 
also generates problems with respect to audible noise 
coupling and high frequency radiation (EMI). 

One computer that integrates audio information 
from various sources is the Compaq Presario®. A block 
diagram of the audio circuit of the Presario® is shown 
in prior art Fig. 1. The audio circuit is centered around 
audio codec 11 . Audio codec 11 may be, for example, 
the ESI 888 chip made by ESS Technology. Audio codec 
11 receives audio from CD audio input 1 3, MPEG audio 
input 1 5. modem digital signal processor (DSP) connec- 
tion 17 (i.e.. audio from a modem connected to a phone 
line for the speakerphone). and microphone 19. Serial 
data from connection 17 are applied to audio codec 11 
and audio from microphone 19 is sent to connection 17 
via an external codec 21 . External codec 21 may be, for 
example, an AT&T 7525 codec. The external codec 21 
allows the audio circuit to function as a full-duplex 
speakerphone. Additional inputs to audio codec 11 in- 
clude line in 35, which is typically a jack on the exterior 
of the computer or monitor housing (not shown) that al- 
lows the user to apply audio signals to the audio circuit. 
Joystick 37 (or other game control device) also interfac- 
es with audio codec 1 1 . 

Audio codec 11 communicates with ISA bus 23 via 
bus 25. An |2C bus 27 is derived from bus 25 and is 
applied to tone control circuit 29 via interface logic 31. 
Tone control circuit 29 selectively processes the audio 
produced by audio codec 11 and applies its output to 3D 
sound circuit 33, as explained in more detail below. 1^0 
is an industry standard communication link comprising 
a clock signal and a data signal. General purpose I/O 
output one (GP1 ) from audio codec 1 1 is used to selec- 
tively bypass 3D sound circuit 33. Addressable registers 
of the audio codec 11 are used to control and access 
the |2C bus 27, and audio codec 11 uses a general pur- 
pose I/O output zero (GPO) to indicate decoded reads 
from or writes to these registers. The GPO output ot the 
audio codec 11 is connected to the logic 31 

Audio codec 11 generates an audio output on line 



39 which applied to tone control circuit 29. Tone control 
circuit 29 may be. for example, the TEA6330 chip avail- 
able from Phillips. By way of the logic 31, tone control 
circuit 29 can be controlled remotely via I SA bus 23 and 
5 |2c communication link 27. Tone control circuit 29 gen- 
erates an output on line 41, which is in turn applied to 
3D sound circuit 33. 3D sound circuit 33 may be, for ex- 
ample, the AN7395chip available from Panasonic. The 
3D sound circuit may be selectively bypassed by acti- 
ve vating GP1 of audio codec 11 , The output of 3D sound 
circuit 33 is applied to audio amp 43 and to line out 45. 
Line out 45 is typically a jack on the exterior of the com- 
puter or monitor housing. Audio amplifier 43 amplifies 
the audio signal and outputs it to speaker/headphone 
15 output 47. 

To reduce EMI and noise coupling within the sys- 
tem, all analog inputs and outputs are isolated from au- 
dio codec 11 via an EMI filter 49. EMi filter 49 may be 
any of the fitters known in the art, including for example 
20 a pi-filter having two capacitors and a ferrile bead. Pow- 
er for the audio circuit is supplied by linear regulator 51 , 
which produces the clean 5-vott DC output necessary 
for analog components. The linear regulator may be, for 
example, the LM317SX regulator available from Nation- 
's al Semiconductor. 

A block diagram of the internal structure of audio 
codec 11 is provided in prior art Fig. 2. Inputs from mi- 
crophone 1 9. CD audio 1 3, line in 35, and MPEG audio 
15 are applied to an input multiplexor 53. Input multi- 
30 plexor 53 outputs left and right analog a udio signals that 
are applied to the left and right channels of analog-to- 
digital (A/D) converter 55. A/D converter 55 comprises 
two 16-bit A/D converters (e.g.. a detta/sigma convert- 
er); one for each channel. The resulting digital left and 
35 right audio signals are applied to bus interface logic 57, 
which is in communication with ISA bus 23 via link 25. 

Digital audio output from bus interface logic 57 is 
applied to digital-to-analog (D/A) converter 53. Convert- 
er 57 comprises two 16-bit D/A; one for each channel. 
40 The analog outputs from D/A converter 57 are applied 
to mixer 59. 

An Fl^ or wave table audio synthesizer 61 is also 
provided in communication with ISA bus 23. Synthe- 
sized left (60) and right (62) audio from audio synthesiz- 
es er 61 are applied to D/A converter 63, which has the 
same structure as that of D/A converter 57. The outputs 
of D/A converter 63 are also applied to mixer 59. Mixer 
59 mixes the left and right channels of the outputs of 
converters 57 and 63, respectively, and produces audio 
50 out left and audio out right signals that are then applied 
to tone control circuit 29, as explained previously. 

In one aspect, the invention relates to an audio co- 
dec, comprising: a bidirectional modem connection: a 
microphone input; first and second audio output chan- 
55 nels; and an audio synthesizing circuit arranged to pro- 
duce first and second synthesized audio channels; 
wherein in a first mode of operation the first synthesized 
audio channel is applied to the first audio output channel 
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and the second synthesized audio channel is applied to 
the second audio outpu! channel; and wherein in a sec- 
ond mode of operation the first and second synthesized 
audio channels are combined into a monotonic signal 
and applied to the second audio output channel, and au- s 
dio signals from the bidirectional modem connection are 
applied to the first audio output channel. 

In another aspect, the invention relates to an audio 
circuit for a computer, comprising: a CD audio input and 
a microphone input; a bidirectional modem connection; ?o 
an audio codec arranged to communicate with the CD 
audio input, the microphone input, and the bidirectional 
modem connection and to generate first and second au- 
dio output channels; and an audb amplifier for amplify- 
ing the first and secono audio output channels and ap- '5 
plying the amplified first and second audio output chan- 
nels to an output port. The audio codec further compns- 
es: an audio synthesizing circuit arranged to produce 
first and second synthesized audio channels; wherein 
in a first mode of operation the first synthesized audio 
channel is applied to the first audio output channel and 
the second synthesized channel is applied to the second 
audio output channel: and wherein in a second mode of 
operation the first and second synthesized audio chan- 
nels arc combined into a monotonic signal and applied 2S 
to the second audio output channel, and signals from 
the bidirectional modem connection are applied to the 
first audio output channel. 

In another aspect, the invention relates to a method 
of simultaneously allowing speakerphone operation and 30 
generation of synthesized audio signals in an audio cir- 
cuit, the audio circuit having a bidirectional modem con- 
nection, a microphone input, first and second audio out- 
put channels, and an audio synthesizing circuit, com- 
prising the steps of: producing first and second synthe- 35 
sized audio channels using the audio synthesizing cir- 
cuit; applying audio signals from the microphone input 
to the bidirectional modem connection; receiving audio 
signals from the bidirectional modem connection; com- 
bining the first and second synthesized audio channels -^o 
into a monotonic signal and applying the monotonic sig- 
nal to the second audio output channel: and applying 
the audio signals from the bidirectional modem connec- 
tion to the first audio output channel. 

In another aspect, the invention relates to a compu- -^^ 
ter system having a central processing unit, a modem, 
a microphone, a CD ROM drive, and an audio circuit. 
The audio circuit has a CD audb input coupled to the 
CD ROM drive and a microphone input coupled to the 
microphone. The audio circuit also has a bidirectional so 
modem connection coupled to the modem. The audio 
circuit also has an audio codec arranged to communi- 
cate with the CD audio input, the microphone input, and 
the bidirectional modem connection and to generate first 
and second audio output channels. The audio circuit al- 55 
so has an audio amplifier for amplifying the first and sec- 
ond auiiio output channels and applying the amplified 
first and second audio output channels loan output port. 
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The audio codec has an audio synthesizing circuit ar- 
ranged to produce first and second synthesi7ed audio 
channels. In a first mode of operation the first synthe- 
sized audio channel is applied to the first audio output 
channel and the second synthesized channel is applied 
to the second audio output channel. In a second mode 
of operation the first and second synthesized audio 
channels are combined into a monotonic signal and ap- 
plied to the second audio output channel, and signals 
from the bidirectional modem connection are applied to 
the first audio output channel. 

The invention will now be described with reference 
to the accompanying drawings, in which: 

Fig. 1 is a block diagram of a prior art audio circuit; 
Fig. 2 is a block diagram of a prior art audio codec; 
Fig. 3 is a block diagram of an audio circuit in ac- 
cordance with an embodiment of the invention; 
Fig. 4 is a block diagram of an audio codec in ac- 
cordance wiih an embodiment of the invention; and 
Fig. 5 is a schematic diagram of circuitry of the audio 
codec in accordance with an embodiment of the in- 
vention. 

Embodimonts of the invention will bo described in 
detail below with reference to the accompanying figures. 

An audio circuit in accordance with one embodi- 
ment of the invention is shown in Fig. 3. Like elements 
with respect to prior an Fig. 1 are given the same refer- 
ence numerals. There are two differences between the 
circuit of Fig. 3 and that of Fig. 1. The first is that an 
audio codec 71 in accordance with the invention replac- 
es the audio codec 11 of the prior art. Audio codec 71 
will be described in more detail below The second dif- 
ference is that, as a result of the improvements and ad- 
vantages obtained by audio codec 71 , the additional ex- 
ternal codec 21 that was necessary for speakerphone 
operation in the circuit of Fig. 1 is no longer necessary. 
As shown in Fig. 3, the speakerphone (modem DSP) 
connection is now made directly to the audio codec 71 . 
Thus, complexity is reduced, and the expense of an ad- 
ditional codec is avoided. 

A block diagram of audb codec 71 is provided in 
Fig. 4. tike elements with respect to codec 11 shown in 
Fig. 2 are given the same reference numerals. 

DSP interface 73 is provided that interfaces directly 
with modem DSP 17. DSP interface 73 may. for exam- 
ple, function similarly to the AT&T 7525. When the audio 
circuit is in speakerphone mode, audio signals input via 
microphone 19 are coded into the left channel of input 
multiplexor 53, and are converted to digital signals by 
the left channel of A/D converter 55. The digital output 
of the left channel of A/D converter 55 is applied both to 
bus interface logic 57 (as was the case in Fig. 2) and to 
DSP interface 73. The digital audio is then applied di- 
rectly to modem DSP 17. At the same time, audio from 
modem DSP 1 7 is received by DSP interface 73. and is 
forwarded to a two channel multiplexor 75 via speaker- 
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phone audio line 77. The output of multiplexer 75 is ap- 
plied to the left channel of D/ A converter 63. Accordingly, 
when the speakerphone audio channel is selected by 
nnultiplexor 75, the digital audio fronn DSP interface 73 
is converted to analog signals by D/A converter 63, and 
is output as "audio out teff by mixer 59. 

The addition of DSP interface 73. speakerphone 
audio line 77. and multiplexor 75 allows full duplex 
speakerphone operation through the audio circuit with- 
out requiring a separate extemal codec. Because the 
speakerphone audio is output on the left channel only, 
the microphone 19 is preferably disposed as far away 
from the left speaker as possible to prevent feedback. 
Alternatively, the output of the multiplexor 75 may be ap- 
plied to the right channel of the D/A convener 33 and 
output as "audio out nght" by the mixer 59. For this con- 
figuration, the speakerphone audio is output on the right 
channel, and the microphone 19 is preferably disposed 
as far away from the right speaker as possible to prevent 
feedback. 

One of the desired abilities of today's multimedia 
computers is the ability to perform "teiegaming". Tele- 
gaming involves playing a game on the computer while 
conversing with other players at remote locations via tel- 
ephone. Thus, it may be desirable to maintain tho audio 
output/effects of a game while operating in full duplex 
speakerphone mode. These audio effects might include 
a combination of CD audio, synthesized audio, and au- 
dio file (e.g., a .WAV sound file developed by Microsoft) 
playback. In the audio circuit of prior art Fig. 1. this could 
be achieved only through the use of external codec 21 
However, in accordance with the invention, as a result 
of DSP interface 73 and additional circuitry described 
below, telegaminq (which includes these audio effects) 
and simultaneous operation in a full duplex speaker- 
phone mode can be simultaneously achieved without an 
additional external codec. 

Referring to Fig. 4, the left channel output of audio 
synthesizer 61 is applied to the second input of multi- 
plexor 75 and to one input of a mixer 79. The right chan- 
nel output of audk) synthesizer 61 is applied to one input 
of a second two<hannel multiplexor 81 , and is also ap- 
plied to the mixer 79. Mixer 79 adds the left and right 
audio to produce a mono output. The mono output is 
applied to the other input of multiplexor 81 . The output 
of multiplexor 81 is applied to the right channel of the D/ 
A converter 63. Alternatively, if the "audio output right" 
of the mixer 59 is used to carry the output of the mixer 
75, the output of the multiplexor 81 is applied to the left 
channel of the D/A converter 63. 

Operation of audio codec 71 is as follows. During 
normal operation, digital audio signals received from 
mc 1 9, CD audio 1 3, line in 35, or MPEG audio 1 5 via 
bus interface logic 57 are converted to audio signals by 
D/A converter 57 and output via mixer 59. If it is desired 
to produce synthesized audio, the left and right synthe- 
sized audio channels are output by audio synthesizer 
61 and are selected by multiplexors 75 and 81 . The left 



and right synthesized audio signals are then converted 
to analog by D/A converter 63 and mixed with the audio 
output from D/A converter 58 by mixer 59. 

If the user enters speakerphone mode, multiplexor 
5 75 selects the speakerphone audio line 77, and thus 
takes over the left channel of D/A converter 53. If it is 
then desired to play back synthesized audio while in 
speakerphone mode, multiplexor 81 selects the output 
of mixer 79, which is a monotonic digital signal repre- 
10 senting the sum of the left and right synthesized audio 
channels. The output of multiplexor 81 is then converted 
to analog by the right channel of D/A converter 63 and 
output to the right speaker (or other output) via mixer 
59. Thus, audio playback from games and the like can 
TS be heard through the right speaker while audio from the 
full duplex speakerphone operation is heard through the 
left speaker. As discussed above, this configuration may 
be switched so that audio from the full duplex speaker- 
phone is heard through the right speaker while the audio 
20 playback from the games and the like are heard from 
the left speaker. The simultaneous operation of the au- 
dio playback and the speakerphone is achieved without 
requiring additional external circuitry such as an exter- 
nal codec. Thus, complexity and expense of the audio 
25 circuit is reduced. 

For purposes of controlling and accessing the I^C 
bus 27, the codec 71 has addressable I^C registers (not 
shown). The codec 71 indicates writes to or reads from 
the 12C registers by driving low a general purpose I/O 
30 output zero (GPO) of the codec 71 . As shown in Fig. 5. 
the interface logic 31 includes a JK-type flip-flop 1 00 that 
is configured as a toggle (T-type) flip-flop. The flip-flop 
1 00 has its non-inverting output connected to the enable 
input of a tri-state buffer 1 1 2. The tri-state buffer 1 1 2 has 
35 its input coupled to ground, and the output of the buffer 
112 is coupled to the clock line of the 1^0 bus 27. 

By accessing one of the I^C registers of the codec 
71 , a bus device coupled to the ISA bus 23 can control 
the clock line of the l^C bus 27. One input of an OR gate 
40 1 06 receives a write strobe signal (asserted low to 
indicate a write cycle) from the ISA bus 23. and another 
input of the OR gate 106 is connected to the GPO output 
of the audio codec 71 . The output of the OR gate 106 is 
connected to the clock input of the flip-flop 100. The en- 
^5 able input of the flip-flop 1 00 is coupled to data line one 
(SD1) of the data bus (SD[15:0]) of the ISA bus 23. 
Therefore, via a write by an ISA bus device to one of the 
|2g registers, the SD1 line is used to selectively negate 
the I^C clock line (otherwise pulled high). 
50 For purposes of writing data to the l^C data line, a 
JK-type flip-flop 102 is configured as a toggle (T-type) 
flip-flop. The non-inverting output of the flip-flop 102 is 
connected to tho enable output of a tri-state buffer 114 
having its input grounded and its output connected to 
55 the l^C data line. The enable input of the flip-flop 102 is 
connected to data line zero (SDO) of the data bus of the 
ISA bus 23. The clock input of the flip-flop 102 is con- 
nected to the output of the OR gate 106. Therefore, via 



BNSOOCID; <EP 0843252^2J.> 



7 EPOS 

a write to one of the I^C registers, an ISA bus device 
can selectively negate the I^C data tine (Otherwise 
pulled high). 

For purposes of reading data from the I^C data line, 
the logic 31 includes a tri-state buffer 1 1 0 having its Input 
connected to the I^C data line and its output connected 
to the SDO line. The enable input of the tri-state buffer 
1 10 Is connected to the output of an OR gate 108. One 
Input of the OR gate 108 receives a read strobe signal 
IOR_ (asserted low to indicate a read cycle) from the 
ISA bus 23, and another input of the OR gate 108 is 
connected to the GPO output of the codec 71 . Therefore, 
on a read by an ISA bus device from one of the I^C reg- 
isters, the SDO line is used to indicate the value ot the 
l^C data line. 

Various embodiments of the invention have been 
shown and described above. However the invention is 
not so limited. Numerous variations in the circuitry and 
functionality described would be apparent to one of or- 
dinary skill In the art without departing from the scope 
of the invention. Accordingly, the invention is not limited 
to the disclosed embodiments, but rather Is limited only 
by the scope of the appended claims. 

Claims 

1 . An audio codec, comprising: 

a bidirectional modem connection; 
a microphone input; 

first and second audio output channels; and 
an audio synthesizing circuit arranged to pro- 
duce first and second synthesized audio chan- 
nels; 

wherein in a first mode of operation the first syn- 
thesized audio channel is applied to the first au- 
dio output channel and the second synthesized 
audio channel is applied to the second audio 
output channel; and 

wherein in a second mode of operation the first 
and second synthesized audio channels are 
combined into a monotonic signal and applied 
to the second audio output channel, and audio 
signals from the bidirectional modem connec- 
tion are applied to the first audio output chan- 
nel. 

2. The codec of claim 1 , wherein when operating in 
said second mode, audio signals from said micro- 
phone input are applied to the bidirectional modem 
connection. 

3. The codec of claim 1 , wherein said bidirectional mo- 
dem connection comprises a DSP Interface. 

4. The codec of claim 1 . further comprising: 
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a mixer for mixing the first and second synthe- 
sized audio channels to produce the monotonic 
signal; 

a selecting device for selecting between an out- 
5 put of the mixer and the second synthesized au- 

dio channel: and 

a second selecting device for selecting be- 
tween the first synthesized audio channel and 
the audio signals from the bidirectional modem 
10 connection. 

5. The codec of claim 4, wherein outputs of the first 
and second selecting devices are applied tea digital 
to analog converter. 

75 

6. An audio circuit for a computer, comprising: 

a CD audio Input and a microphone input; 
a bidirectional modem connection; 
20 an audio codec arranged to communicate with 

the CD audio input, the microphone input, and 
the bidirectional modem connection and to gen- 
erate first and second audio output channels; 
and 

2S an audio amplifier for amplifying tho first and 

second audio output channels and applying the 
amplified first and second audio output chan- 
nels to an output port; 
wherein the audio codec comprises: 

30 

an audio synthesizing circuit arranged to 
produce first and second synthesized au- 
dio channels: 

wherein In a first mode of operation the first 
35 synthesized audio channel is applied to the 

first audio output channel and the second 
synthesized channel is applied to the sec- 
ond audio output channel; and 
wherein in a second mode of operation the 
40 first and second synthesized audio chan- 

nels are combined into a monotonic signal 
and applied to the second audio output 
channel, and signals from the bidirectional 
modem connection are applied to the first 
•iS audio output channel. 

7. The circuit of claim 6, wherein when operating In 
said second mode, audio signals from said micro- 
phone Input are applied to the bidirectional modem 

50 connection. 

8. The circuit of claim 6. wherein said bidirectional mo- 
dem connection comprises a DSP interlace. 

55 9. The circuit of claim 6, further comprising: 

a mixer for mixing the first and second synthe- 
sized audio channels to produce the monotonic 
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signal: 

a selecting device for selecting between an out- 
put of the mixer and the second synthesized au- 
dio channel: and 

a second selecting device for selecting be- 5 
tween the first synthesized audio channel and 
the audio signals from the bidirectional modem 
connection. 

10. The codec of claim 9, wherein outputs of the first 
and second selecting devices are applied to a digital 
to analog converter. 

1 1 . A method of simultaneously allowing speakerphone 
operation and generation of synthesized audio sig- '5 
nals in an audio circuit, the audio circuit having a 
bidirectional modem connection, a microphone in- 
put, first and second audio output channels, and an 
audio synthesizing circuit, comprising the steps of: 



produce first and second synthesized au- 
dio channels: 

wherein in a first mode of operation the first 
synthesized audio channel is applied to the 
first audio output channel and the second 
synthesized channel is applied to the sec- 
ond audio output channel; and 
wherein in a second mode of operation the 
first and second synthesized audb chan- 
nels are combined into a monotonic signal 
and applied to the second audio output 
channel, and signals from the bidirectional 
modem connection are applied to the first 
audio output channel. 



IS 



producing first and second synthesized audio 
channels using the audio synthesizing circuit; 
applying audio signals from the microphone in- 
put to the bidirectbnal modem connection: 
receiving audio signals from the bidirectional 
modem connection; 

combining the first and second synthesized au- 
dio channels into a monotonic signal and ap- 
plying the monotonic signal to the second audio 
output channel: and 

applying the audio signals from the bidirection- 
al modem connection to the first audio output 
channel. 

12. A computer system comprising: 

a central processing unit; 

a modem; 

a microphone: 

a CD ROM drive; and 

an audio circuit comprising: 

a CD audio input coupled to the CD ROM 
drive and a microphone input coupled to 
the microphone: 

a bidirectional modem connection coupled 
to the modem; 

an audio codec arranged to communicate 
with the CD audio input, the microphone in- 
put, and the bidirectional modem connec- 50 
tion and to generate first and second audio 
output channels; and 
an audio amplifier for amplifying the first 
and second audio output channels and ap- 
plying the amplified first and second audio 55 
output channels to an output port; 
wherein the audio codec comprises: 
an audb synthesizing circuit arranged to 
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